Background. The weight of the best athletes at different distances and in different sports can be very different. It is known that rowers, as a rule, are very massive. In order to give a chance to athletes with a small mass, the rowing federation was introduced a special category with the weight restrictions. These facts are connected with the peculiarities of the aerobic and un-aerobic activities, drag and propulsion characteristics. Objective. In this paper, we don't try to explain the body mass differences. We will only fix them for different sports: running, swimming (free style), skiing, skating, cycling, and rowing and for different Olympic distances. Methods. A significant amount of data on the velocity and body mass of the best athletes professionals (both female and male) in Olympic sports (running, swimming, skiing, skating, cycling and rowing) was collected and analyzed. Since the weights of the best athletes only are taken into consideration, the expected results can be treated as the most suitable (optimal) body masses for different sports and distances. In order to check, how the values of body mass and average speed on the distance fit the linear dependence, the equation of the linear regression was used. The regression coefficient and two parameters of the straight line were calculated. In order to check that the velocity of skating doesn't depend on the athlete mass, the Fisher test was used. Results. The optimal masses of athletes for different distances and sports were calculated. In general, for the short distances, the large masses of athletes are optimal and they decrease for long distances. Exception is the results for female swimming and running, where the largest masses of athletes correspond to the medium distances. For longer distances, results show that the most performing athletes are characterized by a lower body mass, except for skating. For a fixed distance, the optimal weights of female athletes are 79.5 ± 3.1% of the weight of male athletes, at the same time they develop 89.4 ± 1.8% of the speed of men. Conclusions. The presented statistical analysis indicates that within one distance there is no significant dependence of speed on the mass (the exception is only rowing). For each distance there are their optimal masses of athletes, which are different for different sports. The revealed facts can be used in athlete selection and training. They need also further investigations with the use of the metabolic and propulsion peculiarities.
Introduction
The weight of the best athletes at different distances and in different sports can be very different. E.g., the body mass of 10 000 m runner champion -Kenenisa Bekele (55 kg), [1] -is only 58.5% of mass of 100 m one -Usain Bolt (94 kg) [2] . It is known that rowers, as a rule, are very massive. In order to give a chance to athletes with a small mass, the rowing federation was introduced a special category with the weight restrictions (72.5 kg for men) and (59 kg for women) [3, 4] .
These facts are connected with the peculiarities of the aerobic and un-aerobic activities. The allometry and Kleiber's law [5] may be used to explain the drastic mass differences for sprinters and stayers. For rowing and swimming (where the movement is almost neutral buoyant), the substantial part of the energy released in the body is used to overcome the drag in water, while for human running the air drag can be neglected, but significant energy is used to support the weight [6] .
In this paper, we don't try to explain the body mass differences. We will only fix them for different sports: running, swimming (free style), skiing, skating, cycling and rowing (individual category without athlete weight limitations [3, 4] ), and for different Olympic distances. For this purpose, the statistical information about the best male and female athletes were collected and analyzed with the use of linear regression (for every distance) and the Fisher test (for skating). Since only the weights of the best athletes will be taken into consideration, the expected results can be treated as the most appropriate (optimal) body masses for different sports and distances. For example, many men compete on a distance of 100 m, but far not all run it for less than 10 seconds. One reason might be inappropriate weight. Therefore, we specifically use the data of athletes, who showed the best time to determine the most appropriate (optimal) body weights. The optimum weight of the body for each sport and distance is a result of natural selection. We just fix it.
Materials and Methods
Information collection. The information was collected on the official sites of sports (associations): International Association of Athletics Federations [7] , International Swimming Federation [8] , International Ski Federation [9] , International Skating Union [10] , International Cycling Union [11] , International Rowing Federation [12] , as well as on other sports sites in 2015-2016. The best sports achievements of athletes (male and female) over the past 3-4 years have been analyzed, as well as some of the best results achieved earlier. In total, information was collected and analyzed for 6 kinds of sports: running (8 male + 8 female distances, 692 results), swimming (free style) (5m + 5f distances, 609 results), skiing (6m + 6f distances, 553 results), skating (5m + 5f distances, 680 results), cycling (4m + 4f distances, 397 results), rowing (individual, no weight limit) (1m + 1f, 616 results (including intermediate ones)).
Linear regression. In order to check, how the values of body mass m and average speed U on the distance (collected for the fixed sport and the distance) fit the linear dependence, the equation of the linear regression m on U (the optimal straight line, minimizing the sum of squared distances between collected and theoretical points) was used [13] . The regression coefficient and two parameters of the straight line were calculated with the use of known formulas [13] .
Fisher test for skating. In order to check that the velocity of skating doesn't depend on the athlete mass, two groups with smaller and larger mass were selected for every Olympic skating distance and for males and females separately. These two groups have an equal number of persons. For each group, the average velocities and body masses will be calculated. Then the Between group variability and Within group variability will be calculated according to the formulas: the j-th observation in the i-th out of m groups, n is the overall sample size [14] . We will use the F-test to check the null hypothesis that says that the average speeds do not differ for light and heavy athletes. The experimental value of the Fisher function can be calculated with the use of the formula:
The corresponding values will be compared with the critical value Figs. 1-5 demonstrate that within one distance there is no significant dependence of speed on the athlete weight. Corresponding correlation coefficients may be negative and positive but are close to zero. In the case of rowing, the speed increases with the increase of the body mass; especially for female athletes (the corresponding values of the correlation coefficient exceed 0.7). Average velocity versus average weight for different distances and sports. In spite of the weak dependence of speed on the mass at individual distances, in the case of running, swimming, cycling, and skiing, we can see an obvious reduction the average weight of the stayers in comparison with the sprinters in Figs. 1-3, 5 and in Table 1 . E.g., for running the body mass of sprinters (100 m distance) is much larger than for stayers (10 km distance); the corresponding ratios are 1.25 and 1.39 for females and males respectively. For cycling the corresponding ratios are 1.08 (females) and 1.2 (males); 1.05(f) and 1.1(m) for swimming; 1.03(f) and 1.07(m) for skiing. For female athletes, the difference in body mass of sprinters and stayers is smaller in comparison with males.
For skating the difference in body mass of sprinters and stayers is practically invisible (see Figs. 4 and 7) . Because the skaters are all-round (one athlete can develop high speed at different distances), this result is not surprising. To determine the dependence of velocity versus mass, a dispersion analysis for groups of light and heavy athletes for each of the Olympic skating distances will be presented in Section "Mass independence for skating". 
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The average values of speed for different distances and sports are shown in Fig. 7 versus the average body mass of athletes. It can be seen that the optimal body mass is different for different sports. The heaviest athletes are successful in rowing. In sprint cycling, sprint swimming and skating, the mass of best athletes is rather smaller. The weight of skiers is usually even smaller. The somewhat chaotic nature of the dependences of the skier average speed versus average mass (see corresponding plots for male and female athletes in Fig. 7) can be explained by different profiles of distances and different weather conditions. The smallest are long distances runners. Their average weights are only 69% (f) and 63% (m) of the rower ones.
We analyzed also the ratio of the average masses of female and male athletes and ratio of average speeds for identical distances (female/male at fixed distance), see Table 1 . The ratio of the average weight of female athletes to the average weight of male athletes (averaged as well for all sports and distances) is 79.5 ± 3.1%, at the same time the female athletes develop 89.4 ± 1.8% of the speed of male ones.
Average velocity versus average duration of sports activity. Fig. 8 and Table 1 illustrate the influence of the duration of a sports activity (the time spent on a distance) on the average velocity for different sports. Due to the fatigue, the speeds usually monotonously decrease with the duration increasing. Some exceptions occur only for 1 km and 1.5 km distances in skating and skiing respectively. Smaller speeds at shorter distances can be explained by the fact that athletes do not have enough time to reach the maximum speed. Table 1 also represents the ratio of the average speeds of female athletes to male ones at the fixed time of activity (female/male at fixed duration). If a value of speed at a fixed value of duration is unknown, we used linear interpolation of the results for nearest distances. It can be seen that female athletes on average develop 89.1 ± 3.2% of the speed of male ones.
Average body mass versus average time of activity. Fig. 9 and Table 1 show the average body mass versus the duration of a sports activity (the time spent on a distance) for different sports and distances. For rowers, the average mass is unchanged, since the Fig. 9 shows the intermediate results at only one distance of 2 km. As noted earlier, for skaters, the average mass varies very little. For skiers, the somewhat chaotic nature of the dependencies can be explained by different distance profiles and different weather conditions that affect the average duration of the activity. Nevertheless, for male skiers, it can be seen the tendency of weight decreasing for longer distances, in comparison with the female athletes. Table 1 also represents the ratio of the average weight of female athletes to male ones at the fixed time of activity (female/male at fixed duration). The ratio of the average weight of female athletes to the average weight of male athletes (averaged as well for all sports and distances) is 79.4 ± 3.3%. The ratio of the average weight of women to men one among adult persons is about 83% [15, 16] ), and is rather different for different countries (e.g., 73-77% for Croatia, Bangladesh, and Vietnam; 79-83% for Ethiopia, North Korea, Kuwait, England, Australia, South Korea, Germany, and Japan; 85-88% for Canada, USA, Brazil, Chile, and Ukraine; 94.5% for Russia).
Mass independence for skating. Table 2 shows the results of the F-test calculation. We ranked the results of the skating on the weight (n is the total number of results for each distance) and divided them into two groups equal in number (one group with heavier athletes and the second group with lighter athletes). Then we calculated the Between group variability ( gv B , see
formula (1)), and Within group variability ( gv W , see eq. (2)) and the value of Fisher function (according to (3)). The critical values of Fisher function (Fc) are also shown in Table 2 for significance levels  = 0.05 and  = 0.01. The results indicate that the calculated values of the Fisher function are smaller than the critical ones (it is only one exception for male 1500 m distance at the significance level  = 0.05). Thus, we can conclude that the skaters' speed does not depend on their weight.
Discussion
Fig . 8 and Table 1 show the speed differences for different sports. The fasters athletes are cyclists. Skaters and skiers are slower. These speed differences can be explained by different friction coefficients. The runners are the slowest athletes among moving in air. Their movement is a series of jumps which is connected with rather high energy loss [6, 17] . Water sports are the lowest, since the drag in water is very high [18] . Due to the special shaped elongated shape of the boat [19] , the rowers are more than twice faster.
The human running champions are approximately 3 times slower than cheetah -the fastest terrestrial animal. To estimate the efficiency of motion, a special characteristic -capacity-efficiency, Ce -was proposed in [6, 20] , which indicates how much metabolic capacity (energy released in the body per unit of weight and per unit of time) is used to move the center of mass. The estimations of Ce presented in [21] yield the values 0.286 m/s (Male record, 100 m, Usain Bolt), 0.268 m/s (Female record, 100m, Florence Griffith-Joyner) and 0.319 m/s (Male record 10 km, Kenenisa Bekele). In comparison for cheetah Ce = 0.277 m/s [21] . Thus, the running effectiveness of our champions is comparable with one of the fastest terrestrial animal. Nevertheless, the running effectiveness of the fastest horses (Ce = 0.467 m/s) and kangaroos (Ce = 0.567 m/s) is higher [21] ).
It must be noted that real maximum metabolic rate of human athletes is approximately 2.9 m/s (28 W/kg), [22] . It means that only 1/10 part of the capacity released in body is used to move the center of running body. In the case of swimming this part is much smaller. E.g., Ce = 0.0097 m/s [20] for fastest underwater human swimming style (dolphin kick, speed 2.7 m/s). The best fish swimmers are more than 10 times faster. E.g. the Atlantic sailfish, Istiophorus albicans is able to achieve the speed 30.6 m/s [20] . The highest value of Ce = 8.4 m/s was calculated for the juvenile Blue shark, Prionace glauca in [20] . Thus 
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compared with the fast aquatic animals, both the speed and effectiveness of human swimming is much lower. The low drag elongated shape of the rowing boat (and may be higher propulsion coefficient) allows more than 5 times increase the efficiency of movement in water. E.g., 0.051 e C  m/s for rowing Lightweight Men Single, best time [6] .
The sprinter running speed does not substantially depend on the body mass, but increases with the increasing of the stride length [21] . The statistical analysis of fit male and female sprint runners [23] demonstrate the linear increasing of the speed versus stride length. Since the taller and heavier athletes have larger stride length, we can expect that they have the highest speed. The optimal weight of 100m male runners (approx. 78 kg, see Table 1 ) is larger than the average weight of adult men (74 kg). Nevertheless, the optimal weight of 100m female runners (approx. 59 kg, see Table 1 ) is smaller than the average weight of adult women (61 kg).
For male cycling, running and swimming the optimal body mass decreases with the increasing the duration of activity (the only exception is the cycling distance of 1km). In comparison, for female cycling, running and swimming dependence of the optimal body mass versus the duration of activity is not monotonous. This peculiarity of female sports needs further investigations.
Conclusions
A significant amount of data on the velocity and body mass of both female and male athletes professionals in Olympic sports (running, swimming, skiing, skating, cycling, and rowing) was collected.
The average values for different distances were calculated and the linear regression analysis was applied to find the relationships between the body mass and the velocity for every distance.
Within one distance there is no significant dependence of speed on the mass (except for rowing). For each distance, there are their optimal masses of athletes, which are different for different sports. This result needs further investigations and analysis.
The large masses of athletes are optimal for the short distances. For longer distances they usually decrease, but not for the female swimming and running (where the largest masses of athletes correspond to the medium distances) and not for the male and female skating (where speed is practically independent from the body mass). These facts need to be studied and explained.
For a fixed distance, the optimal masses of female athletes are 79.5 ± 3.1% of the weight of male athletes, at the same time they develop 89.4 ± 1.8% of the speed of men.
The obtained results can be also useful for selection of athletes for different sports and distances. The differences in optimal weights for different sport and distances need further investigations. They can be very complicated, since the metabolic and propulsion peculiarities, drag in water or/and air, energy waste to support the body on the ground, wheels friction drag etc. must be taken into account.
